ABSTRACT Background: Tennis elbow is an overuse injury affecting people performing repetitive forearm movements. It is a soft tissue disorder that causes significant disability and pain. The aim of the study was to establish that an intramuscular steroid injection is effective in the shortterm pain relief and functional improvement of tennis elbow. The severity of pain at the injection site was monitored to determine whether the intramuscular injection is better tolerated than the intralesional injection.
INTRODUCTION
Tennis elbow, also known as lateral epicondylopathy, 1 2 is the most common injury in patients seeking medical attention for elbow pain. It can be defined as an overuse injury occurring at the lateral side of the elbow where the common extensors originate from the lateral epicondyle. 1 2 The pathology has been described as a degenerative process secondary to tensile overuse and possible angiofibroblastic changes. 1 2 People at risk are typically those in occupations who require manual tasks with strenuous or repetitive forearm movement. 3 The injury is commonly associated with playing tennis and other racquet sports. 4 
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Key messages
What is already known on this topic?
" Corticosteroids are potent anti-inflammatory and pain-modulating drugs and may act through both local and systemic mechanisms. " Multiple studies and a systematic review suggest that a steroid injection for tennis elbow improves many short-term (6-week) outcome measures including pain and disability. " Pain and disability associated with tennis elbow typically follows a self-limiting course of 12 months but this may pose a potentially significant socioeconomic impact on individuals.
What this study adds?
" Both intralesional and intramuscular corticosteroid injections have been shown to be effective and safe in the treatment of tennis elbow. " Non-inferiority of the intramuscular steroid injection compared with the intralesional steroid injection could not be inferred. " Intramuscular steroid injection was shown to be less painful at the site and time of injection compared with an intralesional injection. " This study did not include a sham group, so whether either treatment is superior to placebo could not be determined.
Typical symptoms include a weakened grip strength and narrowed range of movement with the elbow in extension so daily activities become restricted. [3] [4] [5] It has a 1%-3% incidence in the general population. 5 6 As a self-limiting condition, the management of lateral epicondylopathy tends to rely on a conservative approach. Graduated strengthening and stretching exercises 7 as well as rest and forearm bracing can alleviate pain. There is no consistency in the advice offered by primary care physicians and specialists which may reflect in the wide range of treatments shown to have benefit. [8] [9] [10] As an additional step contributory biomechanical factors such as improper use of special equipment or inadequate working and exercising technique should be addressed and corrected. In secondary care, a steroid injection about the lateral epicondyle is often offered. [11] [12] [13] The rationale behind this is unclear. There is evidence to show this improves short-term (6-week) outcome measures, including pain to allow a quicker return to work. [14] [15] [16] Repeat injections however are not recommended as these, although scarcely reported can cause tendon rupture. 9 The administration of intralesional steroids requires training. It is commonly performed by general practitioners (GPs) however rarely under ultrasound (US) guidance and can be painful and potentially harmful causing metabolic disturbance and lipoid deposition to extra-articular soft tissues leading to weakening and consequent tendon damage. 17 In rotator cuff tendinosis, a study comparing a local intralesional subacromial US-guided steroid injection with a systemic steroid injection into the gluteal muscle showed no important differences in short-term outcome. 18 This suggests that an intramuscular injection is as effective as an intralesional injection for rotator cuff disease. If this effect is translatable to lateral epicondylopathy, there are a number of potential implications: GPs would be able to administer systemic steroids as intramuscular injections without training; tertiary referrals and costs would be reduced and the procedure would cause less distress and pain to patients.
METHODS
The study is a prospective, randomised, controlled trial. It was undertaken after ethical approval from Central London REC 1. Patients were recruited between December 2010 and December 2011 from the Rheumatology/Sports Medicine Clinic at Whipps Cross University Hospital, London.
Study design and population
Patients with symptoms of pain on palpation of the common extensor origin and pain reproduced on resisted extension of the wrist with the elbow extended were eligible to participate provided they had no treatment in the preceding 3 months. All participants were aged over 18 years (figure 1). A total of 19 patients were randomised (table 1). One patient was withdrawn from the final analysis as they had an intralesional injection 11 weeks earlier.
Exclusion criteria included the following: trauma to the affected elbow in the preceding 6 weeks; patients with a history of elbow instability; previous elbow surgery; bilateral symptoms; other pathology involving the affected upper limb; coexisting cervical spine pathology; physiotherapy or steroid injection for the presenting condition within 3 months; patients already on oral/systemic steroids; patients with contraindications to injection therapy including patients with bleeding diatheses or on anticoagulant therapy, local or systemic infection, history of hypersensitivity to local anaesthetics, poorly controlled diabetes, immunosuppression, pregnancy or breast feeding, psychiatric diagnosis and prosthetic elbow joint.
Study protocol
Patients were consulted by the investigators and were provided with an information sheet outlining the aims and the methods of the study. Written informed consent was obtained from all participants. Patients who consented to the study were randomised the following way: sealed envelopes were prepared, containing equal number of a tokens for intralesional injection and intramuscular injections. The envelopes were shuffled after which the investigators randomly chose an envelope each time patients agreed to participate in the trial.
Treatment
All patients were given a patient information leaflet (appendix 1) and were further instructed to augment favourable outcome. Patients were asked to avoid repetitive elbow extension, forceful elbow activities or movements that provoke pain.
Ergonomic impact factors derived from sporting or working activities were discussed and self-management in the form of rest/avoidance suggested, although absolute rest of the arm was not advocated. In addition, the patients were advised to gradually increase activity once acute pain had settled and some basic progressive exercises were explained (appendix 1).
The consented patients were allocated to receive either 1 mL of 40 mg intralesional Depo-Medrone or 2 mL of 80 mg intramuscular Depo-Medrone. The technique used was a conventional pepper pot technique in case of the intralesional procedure involving multiple insertions of the injecting needle around the teno-periosteum junction. 19 This was performed through multiple movements of the inserted needle aiming to infiltrate the epicondylar region from different angles. 20 The intramuscular injections were given into the gluteal muscle.
Outcome measures
The primary outcome measures were pain severity and functional disability as assessed by a Patient-Rated Tennis Elbow Evaluation (PRTEE) Questionnaire (appendix 2). 21 22 This was assessed before the injection and then 6 weeks later. The PRTEE is an instrument specifically developed for the use in tennis elbow and has been increasingly employed in research.
It contains 15 items: 5 items addressing pain and 10 concerned with functional deficit. For each item, the respondent uses a 0-10 numerical scale to rate the average pain or difficulty they have experienced over the previous week while carrying out various specific activities. The marking system ensures pain and function are weighted equally in the total score. A total score out of 100 can then be computed from the obtained pain and disability score. Another primary outcome was pain severity at the site of injection as assessed by a 10-point Likert scale. 23 This was assessed, immediately after administration, 24 and 48 hours later.
The secondary results contained the rate and nature of complications and adverse events. Immediate and late complications including infection, local skin atrophy and facial flushing occurring within the 6 weeks of examination deemed to be related to the treatment were recorded.
Statistical analysis
An SPSS package (version 17.0) was used for all statistical calculations. Power analysis based on pain and function severity scores determined that to have an 80% chance to establish a difference between the treatment groups, assuming a mean (SD) group difference for initial severity scores for intramuscular and intralesional groups of 2 (1) and 4 (2), respectively, and considering an effect size of 1.26 (based on previous studies with similar aim and study population), alpha of 0.05 and power of 0.8; nine subjects were needed in each group.
The primary outcome of effectiveness of intramuscular injections was studied by subtracting baseline values from the values obtained at 6 weeks for each patient for all components including pain, function and total PRTEE score. Significance of pain, function and total score reductions from week 0 to 6 for both intralesional and intramuscular groups was assessed using paired t tests. The differences in the mean changes between treatment groups at 6-week follow-up for the outcome measures were analysed using a Wilcoxon signed-rank test. A two-tail significance of <0.01 was taken as representing a statistically significant difference for the outcome measures.
Moreover, the hypothesis of non-inferiority was checked by calculating the mean treatment difference using the PRTEE score and its 95% CI. The hypothesis is rejected if the lower limit of the 95% CI lies below the lower bound of the zone of minimal clinically important difference (MCID). The zone of clinical indifference was defined as 0AEMCID. The MCID has previously been reported to be between 8 and 12 points. 24 In this pilot, a value of 10 points was taken as the acceptable MCID. The PRTEE Questionnaire used to evaluate outcome was devised by Overend et al. They found it to be sensitive to change, possess high reliability (r=0.93) and moderately high validity. 25 The PRTEE enables quantitative rating of pain and functional impairment associated with tennis elbow. When used as an outcome measure in trials, an MCID value is required to interpret outcomes. 26 27 To test the significance of differences in the pain at the site of injection at time of injection and after 24 and 48 hours, the Mann-Whitney U test was used. A two-tail significance of <0.01 was taken as representing a statistically significant difference for the outcome measures under consideration.
RESULTS
Primary outcome PRTEE-pain
There was a reduction in pain symptoms from baseline to the 6-week follow-up in both groups (p=0.008) figure 2 ).
PRTEE-function
A statistically significant result (p=0.008) in favour of both intramuscular and intralesional injections was found at week 6 (figure 3) with a mean improvement of 38.22 points in the intralesional group and 38.78 points in the intramuscular group (table 3) .
PRTEE-total
A statistically significant result (p=0.008) in favour of both intramuscular and intralesional injections was found at 6-week follow-up (figure 4). A mean improvement of 42.89 points in the intralesional group and 37.94 points in the IM group was seen (table 4) .
Pain at the injection site
A statistically significant result (p=0.001) in favour of intramuscular causing less pain at the injection site was noted at the time of injection (mean Visual Analogue Scale (VAS) score on 10-point Likert scale 2.33 vs 7.00) (figure 5). Statistical significance was not reached at 24 hours (p=0.031) nor at 48 hours (p=0.113) (table 5) .
Are intramuscular injections as effective as interlesional injections in tennis elbow?
The intralesional total PRTEE mean change was 43 points (À42.89) while intramuscular total PRTEE change was 38 points (À37.94) at week 6. The difference between intralesional and intramuscular therapy was À5 points in favour of intralesional therapy. Although similar the intralesional procedure was À4.95 points better than the intramuscular procedure (table  6) . This was less than the À10 points that was taken as the acceptable MCID. The 95% CI for mean treatment difference was À26 points to +16 points and since the lower limit was below the lower bound of the zone of clinical indifference (figure 6), non-inferiority could not be inferred.
Secondary outcomes
Adverse events There were no adverse events in either group (table 6) .
DISCUSSION
The two available injection techniques were compared for the first time in this pilot study, and primary outcomes comparing effectiveness indicate that 6 weeks after an intramuscular and an intralesional steroid injection, pain, function and total PRTEE scores improve in patients suffering from lateral epicondylopathy. The intramuscular route caused less pain at the injection site at the time and up to 48 hours later. The secondary objective of monitoring adverse events revealed that both treatments are safe. The natural course of the condition is benign and self-limiting meaning that improvement with or without treatment is seen in 70%-80% of patients within 12 months. 28 While there is wide consensus on this fact, a year is a long time for patients to wait as pain and disability affects their quality of life and accounts for lost economic productivity. A safe, minimally invasive procedure could enable a faster return to their daily activities.
There are multiple modalities for treatment, conservative and operative, with varying success. Fortunately, most patients report symptomatic improvement within 1 year. Failure is associated with long duration of symptoms, high baseline pain levels at presentation, manual labour, poor coping mechanisms, involvement of the dominant arm, low socioeconomic status and concomitant pain in the neck or shoulder. 29 The use of corticosteroid injections among other injection therapies for tennis elbow 30 is more common due to accessibility and cost-effectiveness. Outcomes seem to vary with length of follow-up. Systematic reviews of the literature conclude that corticosteroid injections for tennis elbow may result in short-term improvements only. Smidt et al reviewed 13 randomized clinical trials (RCT) that evaluated the effects of corticosteroid injections compared with placebo, injection with local anaesthetic and other conservative treatments. The evidence showed superior short-term pain relief (6 weeks) after corticosteroid injections but no conclusive benefit after that.
Tonks et al 31 designed a study with four treatment arms: observation only, single injection, physiotherapy and single injection plus physiotherapy. Only patients allocated to the injection group had significantly improved in all parameters at 7 weeks.
Studies by Smidt et al 6 and Bisset et al 32 showed early success with corticosteroid treatment in reduction of pain and grip strength. These benefits did not persist and there was a high recurrence rate in the injection group. Coombes et al. reviewed 41 RCTs to assess efficacy and safety of corticosteroids and other injections in lateral epicondylopathy. They concluded that while corticosteroids were superior to other treatment methods in the short-term non-steroidal injections are of more benefit in the long term.
According to Poltawki and Watson 24 who gathered data from 57 participants, with PRTEE scores of 13-81/100 30 clinical significance was defined as 'a little better' if MCID for the total PRTEE score was 7/100 or 22% of baseline score. For clinical significance defined as 'much better' or 'completely recovered', the MCID was 11/100 or 37% of baseline score. The MCID value was higher for a subgroup with greater baseline severity. As such those with milder symptoms require considerably smaller PRTEE score changes than those with more severe presentations in order to consider that significant improvements have occurred.
VAS score (ie, Likert scale) was used to evaluate some of the outcome measures. It is known to be a reliable instrument for scoring differences in pain over time. Of note is that less pain often leads to increased activity provoking recurrent pain which should be considered when assessing the results and may explain why a more significant change was not seen. Different injection techniques have previously been tested for tendinopathies but no studies have yet evaluated the efficacy of the intramuscular route for the treatment of lateral epicondylopathy. Easy administration, no formal training and effectiveness are all advantages that suggest the use of intramuscular corticosteroids in primary care and musculoskeletal (MSK) interface clinics. We found that an intramuscular corticosteroid injection significantly improved pain, function and total PRTEE scores at week 6. Moreover, the intramuscular route was associated with less pain than the intralesional at the site of injection at baseline.
The hypothesis of the intramuscular procedure being as effective as the intralesional intervention in lateral epicondylopathy was not supported by this study. Our population of patients was small. The power calculation was adequate only to establish an improvement in PRTEE for each group but not to establish non-inferiority with an MCID of 10. The sample size required to bring the lower limit of the 95% CI above À10 (MCID) using the estimates obtained from the data for the differences between the means (À4.9) and the pooled SD (20.73) from our study suggests that the number required may be as high as 130 in each group. A weakness in the design of the study is a lack of placebo arms. This would have been useful to confirm response with each injection method and to enable blinding. The study could have also been extended to long-term follow-up at 6 and 12 months. A further weakness in design was that a single physician gave the injections and as such, a bias may have existed. It is believed that intralesional injections administered under US guidance offer better targeting and we did not evaluate this aspect. Other potential limitations were lack of any mechanism to confirm that patients were presented with the eccentric exercise, with wearing the tennis elbow clasp and having a formal ergonomics assessment.
It could have been beneficial to use a higher dose (120 mg) of Depo-Medrone in the intramuscular arm. In the authors experience 80 mg of intramuscular Depo-Medrone is not always effective. It is possible that body mass index may influence the response to the same dose of systemic corticosteroids and this was not determined.
The pathophysiology of the disease and the pathomorphology of the affected connective tissue in lateral epicondylopathy is not well defined. The existing data outline a spectrum of changes from early inflammation to necrosis. 1-4 27 With this in mind, success of treatment likely correlates with the duration of disease in addition to treatment modality. Steroids will most likely work earlier, when inflammation is the characteristic pathological finding in contrast to degeneration/ necrosis later in the course of the disease. As symptom duration was not recorded in this study, we cannot exclude the possibility that a predefined cohort with early disease, less than 3 months duration, responds better.
CONCLUSION
It is well established that steroid injections for tennis elbow result in short-term benefits.
This study further confirms that both intralesional and intramuscular injections are effective and safe. Intramuscular injections were better tolerated as they were less painful than intralesional injections at the site of injection at the time of administration. We did not confirm non-inferiority of the intramuscular over the intralesional procedure. The response and the findings provided by the study however could represent the grounds for a larger study focusing on the role of intramuscular injections in tennis elbow.
Confirmation of these findings in a larger study will offer management options in primary care as specialist training is not required to perform intramuscular injections. Such treatment could be undertaken by healthcare professionals such as practice nurses and physiotherapists with minimal training offering treatment to enable early return to daily activities and work.
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